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SYNCHRONIZED NETWORK 
USER SYSTEM AND METHOD 

This is a Continuation of International Application PCT/DE99/03509 with an 

international filing date of November 3, 1999, which was published in German and the full 

disclosure of which is incorporated into this application by reference. 

FIELD OF AND BACKGROUND OF THE INVENTION 

The invention relates to a network user system and method of using the same, which 

can be used to connect one network user station to another network user station via a message 

line and to which, in a receive mode, a timer message including a time of day can be sent by a 

network user station as a means of improving time synchronization accuracy between 

J 5 network user stations. 

Such a network user station is known from the Siemens catalog ST 70, chapter 12, 

1997 edition. This network user station is suitable for use in a distributed automation system 

including a plurality of automation components, which must be synchronized for controlling 

a technical process in accordance with an automation task. To this end, a time transmitter 

10 connected to the network cyclically transmits a timer message via broadcasting or 

multicasting. The automation components use this transmitted timer message to synchronize 

their clocks. Due to different dwell times of a timer message in the transmitter of the network 

user station and/or in network components, the times contained in the timer message may be 

incorrect at the time when they are received. 

15 German Utility Model Application 298 19 806.1 proposes to enable a network user 

station to correct the delay times between the instant when the time is entered into a time 

message and the instant when it is transmitted, and to correct the delay times between the 

instant when the time message is received and the instant when the time of day is further 
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processed. This German Utility Model Application 29819806.1 corresponds to International 
Application PCT/DE99/03443 (published as WO 00/28400), which was filed in the United 
States as a Continuation Application (application number unknown) on May 7, 2001, and full 
disclosure of which is incorporated herein by reference. 
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OBJECTS AND SUMMARY OF THE INVENTION 

Thus, one object of the present invention is to create a network user system of the 

type mentioned above with improved time synchronization accuracy as well as a method of 

synchronizing network user stations. 
10 This and other objects are achieved by utilizing a network user system that can be 

used to connect one network user station to other network user stations via a synchronization 

line through which a network user can transmit time pulses to other network user stations. 

The network user station also simultaneously transmits along with the time pulses a time 

message to other network user stations in the system. The network user stations record the 
1 5 time difference between the instant when the time pulses are received and the instant when 

the time message is received, and thereupon adjust the time of day contained in the time 

message based on the time difference. 

This ensures that the time of day that is further processed in the receiver is the correct 

time at the instant of processing and, further, that the clock of the network user station and 
20 the clock of the other network user station are substantially synchronized. 

To measure the time difference in a simple manner, a timer is provided, which is 

started by the time pulse and stopped by the time message. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention and further advantageous refinements of the invention according to the 
features of the dependent claims are explained in more detail below with the aid of 
diagrammatic, exemplary embodiments in the drawing, in which: 
5 Figure 1 is a schematic diagram of a network and 

Figure 2 is a time diagram of transmission signals. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In Figure 1, a network 1 is illustrated, e.g., a local area network (LAN). A plurality of 

10 network user stations 2a, 2b, 2c, ... are connected to the network 1 via a message line 9a. 

Each of the network user stations have a receiver 3a, 3b, 3c, . . . and a transmitter 4a, 4b, 

4c, ... . In this embodiment of the present invention, it is assumed that the transmitter 4a of 

network user station 2a transmits a message 5 to the receiver 3c of network user station 2c. 

The time message contains the time of day of a clock 6 of network user station 2a, which is 

15 preferably externally synchronized by a signal 7. A clock 8 of network user station 2c must 

be synchronized with the time of day entered in the time message at an input instant. Also, in 

this embodiment of the present invention, it is assumed that the time difference between the 

instant when the time of day is entered in the time message 5 and the instant when the time 

message 5 is transmitted is negligible, or that suitable means, such as those described in 

20 German Utility Model Application 298 19 806.1, are used to correct this time difference. 

To prevent incorrect synchronization of the clock 8 of the network user station 2c 

with the time of another network user station 2a, the deviations caused by line delays must be 

substantially compensated. To this end, a synchronization line 9b is provided for transmitting 

time pulses Tp to the receiver 3c of network the user station 2c. At the instant when the time 

25 message 5 is transmitted, a network controller 10 or, as shown in the present example, a time 
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pulse transmission unit 1 1 of a recording and adjusting unit 12 of the receiver 3c, 
simultaneously transmits a time pulse, e.g., a time pulse in the form of a second pulse. The 
controller 10 of the time pulse transmission unit 1 1 indicates the instant when the time 
message 5 is transmitted via a line 13. The time pulse starts a timer of the recording and 
5 adjusting unit 12, which is stopped when unit 12 receives the time message 5. This allows 
the receiving network user station 2c to determine the time difference between the instant 
when the time pulse Tp is received and the instant when time message 5 is received. The 
recording and adjusting unit 12 thereupon adjusts the time of day contained in time message 
5 in that unit 12 adds the determined time difference to the stored time of day so that the 

10 times of transmitter 4a and receiver 3c are substantially synchronized. 

To illustrate the time adjustment, reference is made to Figure 2, which depicts a time 
diagram of transmission signals. 

At an instant t a transmitter T (e.g., 4a in Figure 1) of a network user station transmits 
a time pulse Tp and simultaneously a time message Un to receivers Rl, R2 of other network 

15 users. The time pulse Tp starts corresponding timers in receivers Rl, R2, which are stopped 
at the instant when time message Un is received. In the example depicted, time message Un 
is delayed less during its transmission to receiver Rl (Atl) than during its transmission to 
receiver R2 (At2). A recording and adjusting unit 12 in receiver Rl adjusts the time of day 
contained in the time message by a time difference Atl and in receiver R2 by a time 

20 difference At2. 
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